A streptomycin-resistant Escherichia coli mutant has been isolated that is temperature sensitive for Qf3 phage, but not for the group I RNA phages f2, MS2, and R17. The growth of Qf8 in the mutant at the nonpermissive temperature (42°C) results in the release of a near-normal burst of noninfectious particles that cosediment with Q,3 in a sucrose gradient. It is assumed that the mutant is defective at elevated temperatures in the suppression of nonsense codons, thereby producing Q,3-like particles which are noninfectious because of the lack of the read-through protein A,. have not yet been determined. However, it was shown (3) that this factor is associated with ribosomes in vivo; therefore, all host-supplied proteins required for Q,8 RNA replication in vitro either are associated with ribosomes or are involved in the protein synthesis machinery of the cell. We have recently reported (6a) on the existence of an extensive nucleotide sequence homology between regions of ribosomal and phage RNAs (Q(3 and MS2) and proposed that the similarity in the primary structure of host and phage RNAs, which may lead to resemblance in their conformation, might provide the molecular basis that enables RNA phages to use in vivo ribosomal proteins or other bacterial proteins interacting with ribosomes. This prompted us to look for additional ribosomal proteins that possibly are directly involved in the development of RNA phages. Our first step in this direction was to determine whether the ribosomal protein related to streptomycin sensitivity (29) plays a role in the growth of RNA phages.
A streptomycin-resistant Escherichia coli mutant has been isolated that is temperature sensitive for Qf3 phage, but not for the group I RNA phages f2, MS2, and R17. The growth of Qf8 in the mutant at the nonpermissive temperature (42°C) results in the release of a near-normal burst of noninfectious particles that cosediment with Q,3 in a sucrose gradient. It is assumed that the mutant is defective at elevated temperatures in the suppression of nonsense codons, thereby producing Q,3-like particles which are noninfectious because of the lack of the read-through protein A,.
Many lines of evidence indicate that bacterial proteins participate directly in the development of RNA phages. At present, only the hostsupplied proteins involved in the RNA replication of Q,3 phage have been identified (2, 15, 31) . These are: ribosomal protein Si and the protein synthesis elongation factors EF-Tu and EF-Ts, which comprise, respectively, subunits I, III, and IV of Q,1 replicase. In addition, another bacterial protein, Q,8 host factor, has been implicated in Q,8 RNA replication in vitro (8, 23) , but its identity and roles in the host have not yet been determined. However, it was shown (3) that this factor is associated with ribosomes in vivo; therefore, all host-supplied proteins required for Q,8 RNA replication in vitro either are associated with ribosomes or are involved in the protein synthesis machinery of the cell. We have recently reported (6a) on the existence of an extensive nucleotide sequence homology between regions of ribosomal and phage RNAs (Q(3 and MS2) and proposed that the similarity in the primary structure of host and phage RNAs, which may lead to resemblance in their conformation, might provide the molecular basis that enables RNA phages to use in vivo ribosomal proteins or other bacterial proteins interacting with ribosomes. This prompted us to look for additional ribosomal proteins that possibly are directly involved in the development of RNA phages. Our first step in this direction was to determine whether the ribosomal protein related to streptomycin sensitivity (29) plays a role in the growth of RNA phages.
Here we report on the isolation of a streptomycin-resistant mutant that is temperature sensitive for the production of Qf3-infective particles, but not for the group I phages, f2, MS2, and R17.
MATERIALS AND METHODS
Bacterial and bacteriophage strains. Escherichia coli Q13 (Met-, Tyr-, pnp-13, RNase I-, HfrH, Str3) was used as the parental strain. E. coli strain Li is a spontaneous streptomycin-resistant mutant of Q13 (described herein) which is temperature sensitive for Q8. Bacteriophages were obtained from the following sources: Qp from J. T. August, MS2 from R. Sinsheimer, f2 from N. Zinder, R17 from J. Argetsinger-Steitz. MS2, f2, and R17, but not Q,3, reacted serologically with anti-MS2 serum. Q13, but not MS2, f2, and R17, was able to grow on E. coli strain M27 obtained from J. Argetsinger-Steitz.
Media and growth conditions. Tryptone broth as described (7) 
RESULTS
Isolation of an E. coli mutant temperature sensitive for Q,B. The parent, E. coli streptomycin-sensitive strain Q13, was grown to a stationary phase in nutrient broth, and a suitable number of the cells were spread onto nutrient agar plates containing streptomycin (500 ,ug/ ml). The spontaneous streptomycin-resistant mutants obtained-about 200-were tested for their ability to propagate Q,B phage. One of the clones was found to be resistant to Qf8 at 42°C, but sensitive at 350C. However, this mutant retained the ability of the parental strain to support the growth of group I RNA phages (f2, R17, and MS2) at both 35 and 420C. The growth of different RNA phages at various temperatures in mutant and parental strains is illustrated in Table 1 and Fig. 1 . This bacterial mutant, which does not permit the development of Qj8 at 420C, is herein designated Li. It has to be emphasized that the two properties of mutant Li, streptomycin resistance and temperature sensitivity for Q/3, were derived by applying a two-step selection procedure on E. coli Q13 without performing mutagenesis. In addition, at 420C Qi3 phages are not formed in Li cells grown and infected in either the absence or presence of streptomycin (500 ,ug/ml).
Temperature-shift experiments. In a shiftup experiment mutant cells were grown and infected with Q,3 at 350C, and at different times after infection a portion was shifted to 420C. The yield of phage after 150 min was determined as a function of the time at which the infected cells were shifted. As shown (Fig. 2) , infective phages were not formed when the tem- Fig.  3 , in which the kinetics of [3H]uracil incorporation into acid-insoluble material in the presence of rifampin was studied. It can be seen that rifampin inhibits host RNA synthesis and the uracil incorporated represents RNA synthesis directed by Qf8 RNA.
Furthermore, the ability of Qf8 phage to lyse mutant and parental cells was followed by measuring the optical density of infected cultures. As shown (Fig. 4) , at 42°C Qf3-infected Fig. 1 and 2 ). This result implies that at elevated temperatures Q,8-defective particles are synthesized in the mutant. medium at 35 and 42C to a density of2 x 108 cellslml and infected at the growth temperature with Q,B at a multiplicity of10 PFU/ml. Rifampin (100 mg/ml) and [3H]uracil (0.2 uCi/ml) were added 5 min before and at the time ofinfection, respectively. At different times postinfection 1 -ml portions ofculture were withdrawn and assayed for acid-insoluble radioactivity as described previously (7) . Symbols: infected cells at 35°C (x) and 42°C (0); uninfected cells at 35°C (A).
Release of Qj8-like particles from mutant cells infected at high temperatures. To test whether noninfectious Q,3 particles are formed in the mutant at nonpermissive temperatures, the following experiment was carried out (Fig.  5) . Mutant cells were infected with Q/3 at 35 and 42°C and labeled with [3H]uracil during infection. The resulting lysates were centrifuged for 10 min at 10,000 rpm to remove cell debris and further centrifuged at 50,000 rpm for 1 h. The pellets obtained were resuspended and analyzed by sucrose gradient centrifugation under conditions (low magnesium concentration) that permit the separation of phage and ribosomal particles (Fig. 5C ). As shown (Fig. 5A) , the lysate of mutant cells infected at 42°C contains particles that cosediment with Q,8 phage.
However, when infectivity was tested, these particles were found to be noninfectious. In addition, the final yield of the noninfectious Q, 8- with Qf3 at a multiplicity of 10 PFUIml. At 10 min after infection cells were harvested at 4°C, washed four times with phosphate-buffered saline (to remove unadsorbed phages), resuspended in 30 ml of TCG medium, and incubated in a shaking bath at the growth temperature for 5 min, whereupon [3H]uracil (0.1 uCilml of culture) was added. After 2.5 h a lysing solution, 0.1 volume, was applied for an additional 30 min. In a parallel experiment uninfected cells were labeled with [3H]uracil and disrupted in a 20-kc/s MSE ultrasonic disintegrator for 2 min at 4°C. Cellular debris was removed by centrifugation at 10,000 x g for 20 min at 4°C. The supernatant fraction was centrifuged for 1 h at 50,000 rpm/min in a Spinco model L2 ultracentrifuge. The supernatant was discarded and the pellet was slowly suspended in 0.4 ml of TM buffer by keeping it overnight at 4°C. "IC-labeled Q,8phage as an internal marker was added, and the suspension was layered onto a 5 to 20% sucrose gradient in TM buffer and centrifuged for 90 min at 37,000 rpm at 4°C in an SW50L rotor. Five-drop fractions were collected from the gradient and assayed for radioactivity and plaque-forming ability. Symbols: 0, 3H radioactivity; 0, "IC-labeled Q/3 marker; x, infectivity. Based on the fact that infective group I RNA phages are formed in the mutant at elevated temperatures, one is tempted to speculate that the noninfectious Q,8-like particles described here lack a protein(s) required for Qf infectivity and not for that of group I phages. As is known, the capsid of group I RNA phages consists of about 180 molecules of coat protein (30) and one molecule of maturation protein (16, 21, 25, 26) . On the other hand, the capsid of Q,3 phage contains, in addition to the coat and maturation proteins, a few molecules of another phage-specified protein, Al (10, 27) . It has been shown that Q,1 protein and A, protein are translated from a common initiation site (14, 19, 32) . Coat protein is formed when translation is terminated at the UGA codon located at about 400 nucleotides from the initiation site (33) . If termination is suppressed at this position, translation proceeds for another 800 nucleotides and is terminated at a double stop signal, UAGUAA, and protein Al is formed (34) .
The read-through translation ofthe coat cistron and subsequent nucleotide sequences is possible since commonly used strains of E. coli contain a low level of UGA suppressor tRNA (12, 18, 22) , and about 3% of the translational runs yield A, protein. However, some mutations to high-level streptomycin resistance have been shown to reduce the level of suppression of the nonsense codons UGA, UAG, and UAA (4, 5, 9, 11) . This phenomenon is called restriction. Since it is known that the strA gene codes for a ribosomal protein in the 30S subunit (29) , the occurrence of restriction suggests that this protein controls a ribosomal function which upon mutation becomes limited in the translation of nonsense codons (28) . Based upon present knowledge, we assume that the streptomycinresistant mutant described here is restricted at high temperatures in the translation of nonsense codons, possibly due to an alteration in a ribosomal protein. This defect of the mutant will cause the formation of Q, 8- 
